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The time to onset of action of amiodarone is often long
in patients treated for arrhythmias; one reason might
be a slow entry of the drug into the target organ, the
heart. Amiodarone and desethylamiodarone, its active
metabolite, were measured in the plasma, atrial tissue
and pericardial fat of patients undergoing cardiac sur-
gery. Two groups were studied: patients treated with
amiodarone for less than 28 days (short-term group) and
those treated for 28 days or more (long-term group).
Plasma levelsof amiodarone in the two groups were not
different, whereas levels of desethylamiodarone were
significantlyhigher in the long-term group. Averagecon-
centrations of amiodarone in the atrium were higher
with longer treatment periods (30.2 ± 5.6 versus 13.2
± 2.5 p,g/g wet weight of tissue); the same was true for
desethylamiodarone (40.3 ± 7.7 versus 15.7 ± 3.7 p,g/g).
Amiodarone has a well recognized efficacy in patients with
life-threatening ventricular arrhythmias (1) but its time to
onset of action is slow, ranging from 1 to 4 weeks (2). This
peculiar behavior might be due to slow uptake of amiodarone
by the target organ, the myocardium, or slow production
of an active metabolite, such as desethylamiodarone (3).
Amiodarone is taken up rapidly by the myocardium after
an intravenous bolus injection, reaching a peak between 20
and 30 minutes after injection in dogs (4) and rabbits (5).
Amiodarone was found in high concentrations in myo-
cardial samples obtained at autopsy (6,7) or during surgery
(8,9) in patients treated with the drug for more than 3 months.
From the *Istituto di Cardiologia, Universita di Verona and the tDi-
visionc di Chirurgia Toracica, Ospedale di Verona, Verona, Italy and the
:j:Istituto di Ricerche Farmacologiche Mario Negri, Milano, Italy.
Manuscript received November 5, 1985; revised manuscript received
January 27, 1986, accepted February 7, 1986.
Address for reprints; Roberto Latini, MD, Instituto di Ricerche Far-
macologiche Mario Negri, Milano, Italy.
© 1986 by the American College of Cardiology
Amiodarone concentrations in fat were also significantly
higher in the long-term than in the short-term group.
Atrium/plasma concentration ratios of desethylamio-
darone were higher than those of amiodarone, whereas
fat plasma concentration ratios of desethylamiodarone
were lower.
In conclusion, the equilibration of amiodarone and
desethylamiodarone concentrations between myocar-
dium and plasma appears to occur slowly in patients
undergoing long-term treatment with amiodarone. The
higher concentration of desethylamiodarone in plasma
and of desethylamiodarone and amiodarone in the atrium
in the long-term group might offer an explanation for
the delayed onset of the drug's antiarrhythmic action.
a Am Coil CardioI1986;8:210-3)
In a recently reported study (10), amiodarone and desethyl-
amiodarone were measured in plasma and atrial and ven-
tricular tissues of surgical patients after a single oral dose
of amiodarone, 30 mg/kg body weight. Amiodarone con-
centrations in the atrium and ventricle were found to reach
a peak after 7 and 24 hours, respectively; from the data
published, a delayed (days) equilibrium between myocardial
and plasma concentrations could not be excluded.
The aim of the present study was to examine whether
plasma and myocardial concentrations of amiodarone and
desethylamiodarone differed in patients with short- and long-
term treatment, with a view to elucidating the late onset of
therapeutic action of the drug. We measured amiodarone
and its metabolite, desethylamiodarone, in the plasma and
atrial tissue of patients undergoing cardiac surgery (coronary
bypass, valve replacement or correction and aneurysmec-
tomy). In light of the role of adipose tissue as a reservoir
of the drug (I 1-13) , we also measured amiodarone and
desethylamiodarone in specimens of pericardial fat.
0735-1097/86/$3.50
JACC Vol. 8. No. 1
July 1986:210--3
BARBIERI ET AL.
AMIODARONEANDDESETHYLAMIODARONE IN ATRIUM
211
Table 1. Characteristics of the 21 Surgical Patients Treated
With Amiodarone for Less Than 28 Days (short-term group)
and More Than 28 Days (long-term group)
Short-Tenn Long-Term
Group Group
No. of patients 9 12
Sex (F/M) 4/5 4/8
Duration of treatment 12.2 :t 2.2 days 23.1 :t 4.9 mo
(4 to 24) (I to 48)
Time from last 27.2 :t 4.4 30. 1 :t 3.3
amiodarone dose (9.30 10 57) (14 to 54)
to sampling (h)
Daily dose (mg/kg) 4.7 :t 0.6 3.4 :t 0.4
(2.3 to 7.7) (2.2 to 6.6)
Body weight (kg) 67.5 :t 5.2 67.7 :t 3.8
(52 to 100) (46 to 93)
Age (yr) 52.2 :t 3.2 55.1 :t 2.3
(40 to 71) (38 to 66)
Values are mean :t SEM. Ranges are in parentheses below the mean.
F = female; M = male.
Methods
Study patients. Twenty-one surgical patients , aged 40
to 71 years, were studied. They were divided into two groups:
short-term (9 patients) and long-term (12 patients) treatment
with amiodarone , using 4 weeks as the discriminant time.
The treatment period ranged from 4 days to 48 months. The
average daily dose of amiodarone ranged from 2.2 to 7.7
mg/kg body weight and tended to be higher in the short-
term group (Table I).
In the long-term group , amiodarone was administered for
treatment of ventricular tachyarrhythmia (nine patients) or
chronic atrial fibrillation (three patient s). The indications in
the short-term group were atrial fibrillation (three patients)
and ventricular tachyarrhythmia (six patients).
Blood and tissue sampling. Blood and tissues (50 to
200 mg/sample ) were sampled when the tube for extracor-
poreal circulation was inserted in the right atrium . The time
elapsed between the last dose of amiodarone and simulta-
neous blood and tissue sampling ranged from 9.5 to 57 hours
(average 27 hours for the short-term group and 30 hours for
the long-term group) (Table I). The two groups were ho-
mogeneous with respect to the variables reported in Table
I . The surgical procedure s were aortocoronary bypass graft-
ing (12 patients), valve correction or replacement (5 pa-
tients) and left ventricular aneurysm excision (4 patients).
Drugs commonly taken by the patients were digitali s, fu-
rosemide and warfarin . The protocol was approved by the
Ethical Committee of the Hospital ofYerona, where surgery
was performed.
Plasma and tissue samples were assayed for amiodarone
and desethylamiodarone by high pressure liquid chroma-
tography, as described in an earlier study (4).
Statistics. Student's t test for independent samples was
used to compare the two groups of patients. The data are
reported as mean ± SEM .
Results
Plasma concentrations (Table 2). Amiodarone plasma
concentrations averaged 0.46 ± 0.07 /-Lg/ml in patient s
treated for less than 28 days (short-term group) and 0.55
± 0.08 /-Lg/ml in patients treated for at least 28 days (long-
term group) (p = NS). Mean plasma concentrations of
desethylamiodarone rose significantly with longer treat-
ment, from 0.23 ± 0.05 to 0 .48 ± 0.07 /-Lg/ml. No cor-
relations were found between amiodarone or desethylamio-
darone concentrations and the daily dose or time after the
last amiodarone dose within each group of patients. A highly
significant correlation was found between plasma concen -
trations of amiodarone and desethylamiodarone.
Atrial concentrations (Table 2). The average amio-
darone concentration in the atrium was, respectively, 13.2
± 2.5 and 30.2 ± 5.6 /-Lg/g wet weight of tissue in the
short- and long-term groups . The respective concentration
Table 2. Amiodarone and Desethylamiodarone Concentrations in the 21 Surgical Patients Treated With Amiodarone for Less Than
28 Days (short-term group) and More Than 28 Days (long-term group)
Plasma Atrium Fat
(ltg/ ml) (ltg/g) (ltg/g)
Am DEA Am DEA Am DEA
~;'ort-tenn 0.46 :t 0.07 0.23 :t 0.05 13.2 :t 2.5 15.7 :t 3.7 33.7 :t 11.7 8.4 :t 2.0
g.oup (0.08 to 0.74) (0.06 to 0.50) (4.2 to 29.0) (4.1 to 35.8) (2.2 to 79.1) (6. 1 to 15.2)
p Va ue* NS < 0.05 < 0.0 1 < 0.01 < 0.00 1 < 0.0 1
Lorg-term 0.55 :t 0.08 0.48 :t 0.07 30.2 :t 5.6 40.3 :t 7.7 140.2 :t 22.6 29.8 :t 5.8
group (0. 16 to 1.18) (0. 12 to 1.03) (11.1 to 75.0) (14.9 to 103.2) (70.0 to 305.3) (7.0 to 59.8)
*Levels of significance. Student' s t test; not significant (NS) = P > 0.05. Probability (p) values compare short- and long-term groups within the
same column. Values are mean :t SEM. Ranges are in parentheses below the mean. Am = amiodarone; DEA = desethylamiodarone.
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of desethylamiodarone was 15.7 ± 3.7 and 40.3 ± 7.7
J-Lglg. The observed increase in amiodarone and desethyl-
amiodarone atrial concentrations from short- to long-term
treatment was statistically significant.
Atrium/plasma concentration ratios of amiodarone and
desethylamiodarone tended to increase with longer treat-
ment, but not significantly (Table 3). Twice as much des-
ethylamiodarone as amiodarone accumulated in the atrium
in both groups .
Pericardial fat (Table 2). Concentrations of amiodarone
were four to five times those of desethylamiodarone in peri-
cardial fat (33 .7 ± 11.7 J-Lg/g in the short-term group and
140.2 ± 22.2 J-Lg/g in the long-term group) . Both absolute
concentrations and fat/plasma partition ratios of amiodarone
(Table 3) were significantly higher in the long-term group .
Concentrations of desethylamiodarone in adipose tissue were
also significantly higher in the long-term group.
No significant correlations were found between plasma
and tissue concentrations of amiodarone and desethylamio-
darone.
Discussion
Amiodarone and desethylamiodarone plasma concentra-
tions measured in our patients are similar to those reported
by other investigators for comparable doses (8,14). They
are, however, on the low side of the proposed therapeutic
range for the drug, which is 0.5 to 2.0 J-Lglml of plasma
(15). The lack of correlation of plasma concentrations with
the dose of amiodarone was previously reported (14) in
larger groups of patients, although some investigators (8,16)
found a good correlation in smaller patient groups.
Plasma versus tissue concentrations. Plasma levels of
amiodarone tended to increase slightly with longer treatment
periods, probably, as has been shown experimentally in rats
(11), because of distribution into a slowly equilibrating com-
partment such as adipose tissue . Plasma concentrations of
desethylamiodarone in the long-term group were double
those in the short-term group. Whether this finding can be
explained simply by a slowly equilibrating compartment,
as for amiodarone, or by other kinetic or metabolic factors
is not known .
The partition ratios of amiodarone and desethylamioda-
rone were similar to those found in surgical patients (9 ,10),
but definitely higher than those reported in another com-
parable study (8) . Our values for desethylamiodarone, but
not amiodarone, were higher than those of Escoubet et al.
(10), in agreement with animal data (4,5). There are no
apparent reasons for this difference, except the different
analytic methods employed for amiodarone and desethyla-
miodarone .
Myocardial concentrations. Our findings on atrial con-
centrations of amiodarone can also be applied to the ven-
tricle, because amiodarone and desethylamiodarone con-
centrations in the two tissues have been shown to be similar
(8,10). Of some relevance is the observation that amioda-
rone and desethylamiodarone accumulate in the myocardium
with long-term treatment. The slow onset of action of amio-
darone could be partly explained by a slow rise of amio-
darone levels in the target organ, the heart. The same can
be said for desethylamiodarone, if its electrophysiologic
action, previously shown in rats (17), is also present in
humans.
Amiodarone kinetics. The significant rise in fat/plasma
ratio of amiodarone with time is in agreement with the
pharmacokinetics of the compound as described in the rat
(II) in a study in which adipose tissue was shown to act as
a reservoir of amiodarone. The same is true for desethyl-
amiodarone, although it accumulates much less in fat , prob-
ably because of its lower lipophilicity .
Our data do not answer the question whether the dose of
amiodarone or the length of treatment is more relevant for
drug and metabolite accumulation in tissues. Patients with
comparable cumulative doses, but treated for different lengths
of time, should be studied for this purpose. This relevant
aspect of amiodarone kinetic s can be studied more properly
in an animal model , because a clinical situation does not
allow such an experimental design.
Table 3. Tissue/Plasma Partition Ratios of Amiodarone and Desethylamiodarone in 21 Surgical
Patients Treated With Amiodarone for Less Than 28 Days (short-term group) and More Than 28
Days (long-term group)
Am
Atrium/Plasma
DEA Am
Fat/Plasma
DEA
Short-term group
p Value
Long-term group
33.4 :: 6.09
(11.8 to 63.0 )
< 0.05
62.3 '± 12.9
(18.0 to 179.4)
78.2 :: 17.0
(15.3 to 194.4)
NS
106.2 :: 25.7
(37.3 to 322.4 )
66.4 :: 16.4
(28.0 to 127.6)
< 0.00 1
274.4 :: 34.2
(152.2 to 341.9)
35.1 :: 6.2
(17.4 to 55.7)
NS
70.9 '± 10.4
(35. 1 to 113.6)
Values are mean z SEM. Ranges are in parentheses below the mean. Abbreviations and p value comparisons
as in Table 2.
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Conclusions. Three major conclusions can be drawn
from our study : I) Our data suggest the existence of an
equilibration time between cardiac tissue and plasma con-
centration of amiodarone and desethylamiodarone that is
longer than that proposed by other studies in dogs (4) and
patients (10) . It is likely that a "pseudocquilibrium" is
reached within hours, whereas the true equilibrium is at-
tained only after days, as the long half-lives of the drug in
plasma (13) and heart (10) suggest. 2) The higher concen-
trations of desethylamiodarone in plasma and of amiodarone
and desethylamiodarone in the atrium in the group treated
for more than 4 weeks might offer an explanation for the
delayed onset of the drug 's antiarrhythmic action. 3) Adi-
pose tissue acts as a reservoir, or sink , for amiodarone
during long-term treatment.
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